Introduction {#S0001}
============

Through the last decades, clinical guidelines and Disease Management Programs have been developed for single chronic conditions[@CIT0001],[@CIT0002] and hospital treatment has become increasingly specialized. The treatment of single chronic diseases has thereby been significantly improved. However, as the prevalence of multimorbidity is rising this development poses great challenges for the health professionals who must navigate in the complexity of multiple care pathways when treating patients with co- and multimorbidity[@CIT0003] (the presence of more than one chronic condition in a single individual[@CIT0004],[@CIT0005]). Consequently, patients with multimorbidity face increasingly complicated medical lifestyle with fragmented appointments, investigations, polypharmacy, and medical regimes.[@CIT0006] Also, patients with multimorbidity are experiencing difficulties with access to information,[@CIT0007],[@CIT0008] lack of coherence or coordination in treatments[@CIT0008],[@CIT0009] and managing and adhering to treatment recommendation.[@CIT0008],[@CIT0010]

Acute medical illness in older adults is associated with several adverse outcomes[@CIT0011]--[@CIT0015] and the majority of the acutely hospitalized older medical patients are multimorbid.[@CIT0016] The number of chronic conditions are highly associated with hospitalizations, including acute admissions, and patients with multimorbidity have a higher healthcare utilization in both primary and secondary settings.[@CIT0017] However, a deeper understanding of multimorbidity that goes beyond counting the numbers of chronic conditions is needed.[@CIT0018] Several approaches have been used to capture the complexity of multimorbidity.[@CIT0019],[@CIT0020] Grouping multimorbidity into different combinations or patterns of chronic conditions may be a helpful tool to investigate healthcare outcomes. A handful of studies have investigated multimorbidity patterns and their relationship with healthcare outcomes.[@CIT0021]--[@CIT0024] Olaya et al (2017) found two multimorbid patterns -- the cardiovascular/mental/arthritis and the metabolic/stroke -- that were significantly associated with more use of health services.[@CIT0021] Another study found four multimorbid patterns: Heart impairment, Metabolic-ischemic, Cardio-respiratory, and Cancer were associated with hospitalization.[@CIT0023] However, these studies have only investigated healthcare utilization without taking the logistical complexity of visiting different physicians into account. To optimize healthcare resources to accommodate the need of both the patients and the healthcare system, we need to identify the healthcare utilization as well as the logistical complexity of the treatment in relation to different patterns of multimorbidity.

The aim of this study was to investigate patterns of multimorbidity in a cohort of acutely hospitalized medical patients aged 65 and older and to investigate the healthcare utilization and the healthcare complexity among patients within these patterns the last year prior to admission. Furthermore, to study differences in the prognosis after admission among different patterns of multimorbidity.

Materials and Methods {#S0002}
=====================

Study Design {#S0002-S2001}
------------

We conducted a longitudinal study based on data from national registries in a cohort of acutely hospitalized patients aged 65 and older. We studied patterns of multimorbidity based on the Chronic Condition Measurement Guide[@CIT0025] using latent class analysis. Healthcare utilization and healthcare complexity were based on data from national health registers in the year leading up to the index admission in 2011. Time to death and time to readmission was studied in a period of 5 years after discharge. The study is reported according to the STROBE checklist, using the extension for cross-sectional studies.[@CIT0026]

Setting {#S0002-S2002}
-------

The public Danish healthcare system, predominantly financed through general taxes, provides universal, free and equal access for all 5.6 million citizens. It is divided into two sectors: the primary sector; covering general practitioners, dentists, physiotherapists, etc., and the specialized sector; covering mainly public hospitals and a few private hospitals. The Danish citizens are registered each time they are in contact with the national healthcare system. Therefore, Denmark has comprehensive health records.[@CIT0027] At birth, all Danish citizens are given a unique personal identification number, the central personal register number (CPR-number).[@CIT0028] Because of the CPR-number, linkage at the individual level between nationwide registries is feasible.

Study Population {#S0002-S2003}
----------------

The study population contains all Danish citizens aged 65 years or older acutely admitted to a somatic department in a hospital in Denmark due to a medical illness in a period from 1st of January 2011 until 31st of December 2011.

Data Collection {#S0002-S2004}
---------------

The analyses are based on data from seven national registers: The Danish National Patient Register, which contains data on all Danish patients' contacts with hospitals, both somatic and psychiatric, in Denmark. The Danish National Patient Register was established in 1977 and is considered to be very comprehensive internationally;[@CIT0029] The Danish Civil Registration System, which contains individual information on the CPR-number, name, sex, date and place of birth, and citizenship. The Danish Civil Registration System was established in 1968 and has a high validity;[@CIT0028] The Danish Register of Causes of Death, which contains data on all deaths in Denmark from 1875;[@CIT0030] The Danish National Prescription Register, which contains information on dispensed prescriptions since 1994, not including over-the-counter drugs;[@CIT0031] The Danish National Health Service Register for Primary Care, which contains data on health services from general practitioners, practicing medical specialists, physiotherapists, dentists, psychologists, chiropractors, and chiropodists since 1990;[@CIT0032] The Population's Education Register, which contains information on ongoing and completed education, including length, level and institution[@CIT0033] and the Register for Migration from 1973, which contains the date of both immigration and emigration.[@CIT0034]

Outcomes {#S0002-S2005}
--------

### Measures of Multimorbidity {#S0002-S2005-S3001}

To assess multimorbidity in the study population, we used the Chronic Condition Measurement Guide to define chronic conditions based on ICD10- and ATC-codes.[@CIT0025] Data on ICD10- and ATC-codes was extracted with 10 years of history as previous work suggest this to be an optimal follow-up time as 5 years is too short and 15 years do not add any more information when using administrative data.[@CIT0025],[@CIT0035] The Chronic Condition Measurement Guide is a guide of 83 chronic conditions based on registry data derived from persons aged 65 years and older. The 83 chronic conditions were compiled according to their pathophysiology by a specialist in internal medicine (OA), which constituted 38 chronic conditions in the list, e.g. the ICD-10 and ATC-codes for cardiac valve disorders; heart failure; chronic ischemic heart disease; acute myocardial infarction; pulmonary heart disease; cardiac arrhythmias; and heart disease, unspecified were compiled under the chronic condition: Heart disease ([[Additional file Table S1](https://www.dovepress.com/get_supplementary_file.php?f=226586.pdf)]{.ul}). To avoid too few observations, the analyses included 22 chronic conditions covering 95% of the chronic conditions in the cohort ([[Additional file Table S2](https://www.dovepress.com/get_supplementary_file.php?f=226586.pdf)]{.ul}).

### Healthcare Utilization {#S0002-S2005-S3002}

Healthcare utilization was assessed 1 year prior to the index admission and was described as: No. of admissions, defined as both planned and acute. No. of acute admissions, defined as acute admission at a somatic department in a hospital. No. of outpatient clinic visits, defined as visits at a hospital or clinic in the secondary sector. Cumulated length of stay (CUMLOS), defined as the time between admission and discharge and cumulated for all somatic admissions within the period. No. of general practitioner (GP) visits, defined as face-to-face consultations. No. of visits at a specialist in private practice, defined as a visit at a specialist in the primary sector.

### Healthcare Complexity {#S0002-S2005-S3003}

Healthcare complexity was assessed 1 year prior to the index admission and was described as: No. of different specialists in private practice, defined as visits at different specialists within different specialties in the primary sector. No. of different specialists in outpatient clinic, defined as visits at different specialists at a hospital or clinic in the secondary sector. No. of different causes of admission based on chapters in the ICD10. A total number for complexity was derived from adding no. of different specialists in private practice, no. of different specialists in outpatient clinic, and no. of different causes of admission.

Descriptive Data {#S0002-S2006}
----------------

Sociodemographic data were obtained regarding age, sex, marital status, and education level. Multimorbidity was defined as the presence of more than one chronic condition in a single individual.[@CIT0036] No. of chronic diagnoses was defined as number of diagnosis in the Chronic Condition Measurement Guide using 10 years of history from the index admission. Drug use at ATC level 4 was assessed based on from data on all redeemed prescriptions at pharmacy, including older people living in institutions obtained from the Danish National Prescription Register. Only medications for systemic use were included in the study: inhalators, medications with topical or ocular administration, and dietary supplements were excluded. To gain knowledge on the most recent drug use, data was extracted with 1 year of history prior to the index admission.

Ethical Considerations {#S0002-S2007}
----------------------

The Danish national registries are protected by the Danish Act on Processing of Personal Data and can only be assessed following application and subsequent approval. This study has been approved by the Data Protection Agency (Project nr. 704775 at Statistics Denmark). No approval from the Danish Research Ethics Committees for the Capital Region was needed, since only national registers were used.

Statistics {#S0002-S2008}
----------

We used latent class models to classify persons into patterns of multimorbidity according to their distribution of chronic conditions. The objective of latent class analysis (LCA) is to classify individuals from an apparently heterogeneous population into more homogenous subgroups (latent classes) based on a number of observed indicators, in this case, the 22 chronic conditions.[@CIT0037] The analysis consisted of development of a model to form the disease patterns. To be able to validate results from class development we randomly divided our population in three datasets of 43,300 patients. We determined the optimal number of classes included in the categorical latent variable model by sequentially fitting models from one to more latent classes without any grouping variables or covariates. We then compared the Bayesian information criterion (BIC) across the models (lower values are better).[@CIT0038] Additionally, we plotted the conditional probabilities for each class and compared the results from the three datasets to validate the model. Together with the BIC and the plots, we used clinical evaluations of the usefulness and face validity to determine the optimal number of classes. After determining the optimal number of classes, we tested for differential item functioning with respect to sex. If differential item functioning with one of the items were statistically significant, they were included in the final model. We initially started the analyses with one model including both women and men with differential item functioning with respect to sex. The 13-class model yielded the lowest BIC. We were, however, not able to identify a model with differential item functioning. Therefore, we determined to stratify our analyses according to sex. The stratified classes were labeled based on which conditions exhibited excess prevalence (i.e., prevalence in class exceeds prevalence in full cohort). We used the entropy-based pseudo-R2 measure to describe the degree of classification uncertainty when assigning individuals into the multimorbid patterns. This measure indicates how precise one can predict class membership based on the observed variables (chronic conditions). The closer these values are to 1 the better the predictions. Due to the large number of parameters estimated in the LCA we used 40,000 random starts and 350 full iterations per set to avoid local maxima of the likelihood function. To estimate the association between healthcare utilization and patterns of multimorbidity we used the two-step estimation of models and external variables.[@CIT0039] After selecting on the best model, we fixed the parameter estimates from the measurement part of the latent class model using the average of the parameters estimates from the three datasets. We then fitted a latent class regression model with the covariates and tested differences among the multimorbid patterns. To investigate differences in time to death between the multimorbid patterns, we used a proportional hazards model with the parameter estimates fixed. To investigate differences in time to readmission between the multimorbid patterns, we used a proportional hazards model with death as a competing risk. In Mplus version 8 (Muthén & Muthén, Los Angeles, CA) it is not possible to model competing event; therefore, we used modal assignment in which all patients were assigned to a specific multimorbid pattern based on the multimorbid pattern with the highest posterior probability. Level of significance was set at 0.05. Descriptive analyses were done using the SAS 9.4 software package for Windows (SAS Institute, Cary, NC, USA), plots were created in R 3.2.3 (R Foundation for Statistical Computing, Vienna, Austria) and Latent Class Models were fitted using Mplus version 8 (Muthén & Muthén, Los Angeles, CA).

Results {#S0003}
=======

In total, 129,900 persons aged 65 or more were acutely hospitalized due to a medical illness from 1st of January 2011 until 31st of December 2011 of which 53% were women ([Table 1](#T0001){ref-type="table"}).Table 1Characteristics of the Population (n=129,900)VariablesNumber(%)Age, years; median (IQR)78(71;84)Female68,687(53)Education:^a^ Primary school or less62,685(53) High school education or equivalent37,054(31) Higher education18,228(16)Marital status Never married8063(6) Married99,014(76) Widower8505(7) Divorced14,318(11)Length of stay for index admission; median (IQR)2.2(0.9;6.0)Multimorbidity121,028(93)Reason for admission Cardiac disease30,823(24) Symptoms, signs or for observation30,486(23) Pulmonary disease21,267(16) Endocrine diseases7021(5) Infection6843(5) Genitourinary diseases6105(5) Gastrointestinal disease4648(4) Cancer4505(3) Neurological disease4422(3) Musculoskeletal diseases3893(3) Diseases of the blood3396(3) Other6491(5)[^1][^2]

Model Selection {#S0003-S2001}
---------------

The BIC and entropy are shown in [Table 2](#T0002){ref-type="table"}. For both sexes, the models with 7, 8, 9, and 10 classes were chosen to be investigated more thoroughly. For women, looking at model fit, the BIC was lowest in the model with 10 classes for two datasets and in the model with 9 classes for one dataset. For men, the BIC was lowest in the model with 9 classes for two datasets and for the model with 10 classes for one dataset. When comparing the posterior probabilities of the chronic conditions within each multimorbid pattern among the three different datasets for the model with 9 classes for both sexes, we were not able to identify consistent results. However, in the 8-class model the results were similar across datasets. Based on the BIC-values, the plots of the three data sets and the clinical evaluations of the usefulness, the 8-class model was chosen for both men and women. The 8-class model showed a median entropy of 0.62 (range 0.55 to 0.63) for women and 0.64 (range 0.61 to 0.65) for men, corresponding to a moderate classification quality.[@CIT0039]Table 2Bayesian Information Criterion (BIC) for Latent Models with 7--11 ClassesNumber of ClassesNumber of Parameters EstimatedWomenMenBIC for Dataset 1BIC for Dataset 2BIC for Dataset 3BIC for Dataset 1BIC for Dataset 2BIC for Dataset 37160390,020393,120390,687339,230338,821340,5198183389,939393,080390,640339,098338,700340,4389206389,901393,035**390,629339,076338,647**340,40210229**389,883393,030**390,647339,101338,661**340,395**11252389,916393,050390,673339,147338,699340,435[^3][^4]

[Tables 3](#T0003){ref-type="table"} and [4](#T0004){ref-type="table"} show prevalence and the estimated conditional probability of having a chronic condition in each of the identified chronic condition patterns. The patterns were labelled based on the prevalence of the included chronic conditions. We found six multimorbid patterns that showed minimal differences between women and men: "Minimal chronic conditions"; "Cardiovascular disorders"; "Neurological and vascular disorders"; "Degenerative and pulmonary disorders"; "Metabolic and cardiovascular disorders"; and "Neuropsychiatric and functional disorders". Overall, the largest pattern was labelled "Minimal chronic conditions" (23% (women) and 25% (men)) and this pattern was characterized by low probabilities compared to the marginal probabilities on all chronic conditions except for cancer (expected number of chronic conditions 2.2 for women and 2.2 for men). In addition, for women, all patients with no or one chronic condition belonged to the "Minimal chronic conditions" pattern. For men, 96% of the patients with no or one chronic condition belonged to the "Minimal chronic conditions" pattern. The second largest pattern was labelled "Cardiovascular disorders" (expected number of chronic conditions 3.7 for women and 3.8 for men. The patterns characterized by the highest expected number of chronic conditions were labeled "Neuropsychiatric and functional disorders" (expected number of chronic conditions 7.4 for women and 7.1 for men). The remaining patterns were labelled "Metabolic and cardiovascular disorders" (expected number of chronic conditions 6.1 for women and 6.3 for men), "Degenerative and pulmonary disorders" (expected number of chronic conditions 4.9 for women and 5.2 for men), and "Neurological and vascular disorders" (expected number of chronic conditions 4.0 for women and 3.9 for men). For men, 2% of the patients with no or one chronic condition belonged to the "Neurological and vascular disorders" pattern. We found two patterns for both men and women that could not be identified at the opposite sex. For women, the first pattern was labelled "Degenerative and mental disorders" (expected number of chronic conditions 5.0) and the second pattern was labelled "Complex multimorbidity" (expected number of chronic conditions 6.6). For men, the first pattern was labelled "Mental disorders" (expected number of chronic conditions 5.1). The second pattern was labelled "Dementia and Parkinson's Disease" for men (expected number of chronic conditions 4.0). In total, 2% of the patients with no or one chronic condition belonged to the "Dementia and Parkinson's Disease" pattern.Table 3Mean Conditional Probabilities of the 22 Chronic Conditions from the Three Datasets Within the Eight Classes in the LCA Model, Including Class Size and Expected Number of Chronic Conditions for Women (n=68,687)Pattern LabelPrevalence of Chronic ConditionsMinimal Chronic ConditionsCardiovascular DisordersNeurological and Vascular DisordersDegenerative and Pulmonary DisordersDegenerative and Mental DisordersMetabolic and Cardiovascular DisordersComplex MultimorbidityNeuropsychiatric and Functional DisordersClass size in percent22.922.813.111.17.75.39.87.2Expected number of chronic conditions2.203.734.024.894.966.056.597.35Cancer0.180.290.160.110.160.200.230.150.12Thyroid dysfunction0.190.130.190.120.230.170,220,290,23Diabetes0.180.030.210.130.100.110.580.440.25Obesity0.050.020.010.000.020.030.630.110.06Disorders of the lipoprotein metabolism0.760.250.900.930.800.560.900.980.99Dementia0.180.090.070.310.060.330.070.140.80Mental disorders due to alcohol0.030.040.020.030.030.150.040.020.05Depression0.080.020.010.030.040.430.080.100.28Parkinson's disease0.070.050.050.060.100.110.090.100.09Epilepsy0.030.020.000.050.010.050.020.020.15Osteoporosis0.360.280.090.240.950.460.250.470.41Disorders of the eyes and ears0.330.230.320.280.390.330.310.510.42Cardiac disease0.550.170.710.350.610.400.680.900.72Hypertension0.460.140.470.450.380.390.750.860.78Brain infarction/hemorrhage0.210.020.090.580.080.120.130.220.81COPD/Asthma0.230.180.180.080.410.260.300.330.25Gastritis0.080.040.060.030.110.140.100.180.14Ulcus of the skin0.040.010.020.020.040.070.070.100.08Arthritis0.090.050.030.040.180.090.100.210.11Chronic kidney disease0.050.020.040.010.020.050.090.190.08Genitourinary diseases0.140.090.090.100.150.180.360.190.18Disability0.080.030.010.070.030.320.040.090.36Age, years; mean (SE)76 (0.1)80 (0.1)80 (0.2)80 (0.1)82 (0.2)74 (0.1)82 (0.1)83 (0.1)No. of chronic diagnoses; mean (SE)2 (0.1)5 (0.0)5 (0.0)7 (0.0)6 (0.0)8 (0.1)10 (0.1)10 (0.1)No. of redeemed prescriptions; mean (SE)4 (0.1)5 (0.0)4 (0.0)7 (0.1)9 (0.5)7 (0.1)17 (0.2)7 (0.1)[^5] Table 4Mean Conditional Probabilities of the 22 Chronic Conditions from the Three Datasets Within the Eight Classes in the LCA Model, Including Class Size and Expected Number of Chronic Conditions for Men (n=61,213)Pattern LabelPrevalence of Chronic ConditionsMinimal Chronic ConditionsCardiovascular DisordersNeurological and Vascular DisordersDementia and Parkinson's DiseaseMental DisordersDegenerative and Pulmonary DisordersMetabolic and Cardiovascular DisordersNeuropsychiatric and Functional DisordersClass size24.924.65.63.75.012.112.911.2Expected number of chronic conditions2.193.783.933.975.055.206.337.06Cancer0.220.360.180.170.100.190.270.180.17Thyroid dysfunction0.070.040.070.040.050.040.100.100.07Diabetes0.240.060.220.200.070.220.140.710.33Obesity0.040.010.010.000.000.040.020.230.04Disorders of the lipoprotein metabolism0.800.260.950.950.600.700.870.980.99Dementia0.170.030.050.200.740.190.060.090.75Mental disorders due to alcohol0.070.060.020.050.050.620.050.080.10Depression0.050.020.000.010.100.350.040.040.17Parkinson's disease0.070.040.040.040.300.080.100.080.11Epilepsy0.030.020.010.050.060.070.010.010.15Osteoporosis0.160.130.050.080.160.250.420.170.20Disorders of the eyes and ears0.250.170.210.200.260.160.350.340.32Cardiac disease0.620.210.850.260.320.450.780.850.73Hypertension0.430.100.410.410.170.350.430.840.73Brain infarction/hemorrhage0.240.020.100.750.160.160.110.180.83COPD/Asthma0.220.180.140.070.110.310.440.310.23Gastritis0.080.050.050.040.050.210.140.130.13Ulcus of the skin0.040.010.010.010.040.080.030.130.06Arthritis0.070.040.030.020.030.080.140.180.10Chronic kidney disease0.080.030.050.020.020.040.100.260.12Genitourinary diseases0.380.300.320.300.450.290.530.410.47Disability0.060.030.000.050.150.160.050.040.26Age, years; mean (SE)74 (0.1)75 (0.1)75 (0.1)85 (0.2)72 (0.1)83 (0.2)75 (0.1)80 (0.1)No. of chronic diagnoses; mean (SE)3 (0.0)6 (0.0)5 (0.0)5 (0.0)6 (0.0)7 (0.0)10 (0.1)10 (0.1)No. of redeemed prescriptions; mean (SE)4 (0.0)4 (0.0)3 (0.0)5 (0.1)6 (0.1)15 (0.2)7 (0.1)7 (0.1)[^6]

Healthcare Utilization {#S0003-S2002}
----------------------

For women, the "Complex multimorbidity" pattern showed the highest healthcare utilization regarding no. of; GP visits, visits at a specialist in private practice, hospitalizations, acute hospitalizations, and visits in outpatient clinics (adjusted for age) compared to the "Minimal chronic conditions" pattern ([Figure 1](#F0001){ref-type="fig"}). For men, the "Degenerative and pulmonary disorders" showed the highest healthcare utilization regarding no. of; GP visits, visits at a specialist in private practice, hospitalizations, and acute hospitalizations (adjusted for age) compared to the "Minimal chronic conditions" pattern ([Figure 2](#F0002){ref-type="fig"}). The "Neurological and vascular disorders" pattern showed general lower odds of healthcare utilization (adjusted for age) compared to the "Minimal chronic conditions" pattern for both sexes ([Figures 1](#F0001){ref-type="fig"} and [2](#F0002){ref-type="fig"}). In general, the highest healthcare utilization was at the GP with mean visits ranging from 8 visits ("Minimal chronic conditions") to 14 visits ("Complex multimorbidity") for women and from 8 visits ("Neurological and vascular disorders") to 14 visits ("Degenerative and pulmonary disorders") for men ([[Additional file Table S3](https://www.dovepress.com/get_supplementary_file.php?f=226586.pdf)]{.ul} and [[S4](https://www.dovepress.com/get_supplementary_file.php?f=226586.pdf)]{.ul}). Acute admissions in the year leading up to the index admission ranged from 0.7 ("Minimal chronic conditions" and "Neurological and vascular disorders") to 1.6 ("Neuropsychiatric disorders") for women and from 0.6 ("Neurological and vascular disorders") to 1.5 ("Mental disorders" and "Neuropsychiatric disorders") for men ([[Additional file Table S3](https://www.dovepress.com/get_supplementary_file.php?f=226586.pdf)]{.ul} and [[S4](https://www.dovepress.com/get_supplementary_file.php?f=226586.pdf)]{.ul}).Figure 1Age-adjusted odds ratios for differences in healthcare utilization the last year before an acute hospitalization between patients in the eight multimorbid patterns for women.Figure 2Age-adjusted odds ratios for differences in healthcare utilization the last year before an acute hospitalization between patients in the eight multimorbid patterns for men.

Healthcare Complexity {#S0003-S2003}
---------------------

For women, the patterns "Metabolic and cardiovascular disorders", "Degenerative and pulmonary disorders", and "Complex multimorbidity" showed the highest complexity (adjusted for age) regarding number of different specialists in the primary sector, and in outpatient clinics compared to the "Minimal chronic conditions" pattern ([Figure 3](#F0003){ref-type="fig"}). The patterns "Degenerative and mental disorders", "Neuropsychiatric and functional disorders", and "Complex multimorbidity" showed the highest number of different diagnoses at admission (adjusted for age) compared to the "Minimal chronic conditions" pattern ([Figure 3](#F0003){ref-type="fig"}). For men, the patterns "Metabolic and cardiovascular disorders", and "Degenerative and pulmonary disorders" showed the highest complexity (adjusted for age) regarding number of different specialists in the primary sector, and in outpatient clinics compared to the "Minimal chronic conditions" pattern ([Figure 3](#F0003){ref-type="fig"}). The patterns "Metabolic and cardiovascular disorders", "Mental disorders", "Degenerative and pulmonary disorders" and "Neuropsychiatric and functional disorders" showed the highest number of different diagnoses at admission (adjusted for age) compared to the "Minimal chronic conditions" pattern ([Figure 3](#F0003){ref-type="fig"}). Out of the top 10% most complex female patients (4913), 20% were in the pattern "Degenerative and pulmonary disorders"; 19% were in "Cardiovascular disorders"; and 17 were in "Complex multimorbidity". Out of the top 10% of most complex male patients (4810), 25% were in the pattern "Metabolic and cardiovascular disorders"; 24% were in "Cardiovascular disorders"; and 15% were in "Degenerative and pulmonary disorders".Figure 3Age-adjusted odds ratios for differences in healthcare complexity the last year before an acute hospitalization between patients in the eight multimorbid patterns.

Time to Death and Readmission After an Acute Hospitalization {#S0003-S2004}
------------------------------------------------------------

In total, 5134 (7.5%) women and 5159 (8.4%) men died during their index hospitalization. The differences in time to readmission and time to death for the different patterns of multimorbidity stratified by sex are depicted in [Figure 4](#F0004){ref-type="fig"}. For women, the patterns "Complex multimorbidity"; "Neuropsychiatric and functional disorders"; and "Degenerative and mental disorders" showed the highest mortality within 5 years of discharge among the eight multimorbid patterns (adjusted for age). For men, the patterns "Metabolic and cardiovascular disorders"; "Degenerative and pulmonary disorders"; and "Neuropsychiatric and functional disorders" showed the highest mortality among the eight multimorbid patterns (adjusted for age). Among those who survived their admission, 47,775 (75%) women and 42,669 (76%) men were readmitted within 5 years of discharge. For women, the patterns "Complex multimorbidity"; "Neuropsychiatric and functional disorders"; "Metabolic and cardiovascular disorders"; and "Degenerative and mental disorders" showed the highest cumulative incidence of being readmitted (adjusted for age). For men, the patterns "Mental disorders"; "Neuropsychiatric and functional disorders"; "Metabolic and cardiovascular disorders"; and "Degenerative and pulmonary disorders" showed the highest cumulative incidence of being readmitted (adjusted for age).Figure 4Survival plot of time to event for all-cause mortality within 5 years from discharge for women (**A**) and men (**B**) and cumulative incidence plot for time to event for readmission within 5 years from discharge for women (**C**) and men (**D**) according to the eight multimorbid patterns adjusted for age.**Notes:** A and C = women. B and D = men.

Discussion {#S0004}
==========

In a national population of acutely hospitalized older medical patients, we identified eight patterns of multimorbidity based on the presence or absence of 22 chronic conditions in both women and men. Interestingly, our results also show that multimorbid patterns differ in their healthcare utilization and complexity. Notably, the pattern characterized by the highest number of chronic conditions as well as the highest number of expected chronic conditions did not show the highest healthcare utilization or complexity. Although the multimorbid patterns characterized by high numbers of chronic conditions as well as the high numbers of expected chronic conditions did show high levels of healthcare utilization or complexity as well as high risks of readmission and mortality after an acute admission.

The identified patterns of multimorbidity described clinically recognizable patterns of multimorbidity among acutely hospitalized older medical patients. For example, the "Metabolic and cardiovascular disorders" pattern describes the well-established association between diabetes and cardiovascular disorders[@CIT0040] and the "Degenerative and pulmonary disorders" pattern describes the well-established association between osteoporosis and chronic obstructive pulmonary disease (COPD).[@CIT0041] We did not find a pattern that we could classify as "healthy" as other studies have.[@CIT0021],[@CIT0042]--[@CIT0045] However, the population in our study was defined as acutely hospitalized older medical patients and therefore likely represents a more vulnerable group. The majority of our sample (23% for women and 25% for men) was classified into the "Minimal chronic conditions" pattern for both sexes and also had the lowest expected number of chronic conditions (2 for women and 2 for men). The pattern had a slightly higher conditional probability of cancer than the marginal probability. The reason for this low expected number of chronic conditions for a pattern with an elevated conditional probability for a serious chronic disease such as cancer might be caused by the definition of the chronic conditions being based on a 10-year prevalence. It is, therefore, possible for a person to have been diagnosed with cancer 7 years ago and being cured for this cancer since then and not otherwise have a chronic condition.

Only a handful of studies have investigated multimorbid patterns among older people using LCA and have in general found fewer multimorbid patterns than in the present study.[@CIT0019],[@CIT0021],[@CIT0042],[@CIT0044]--[@CIT0047] This might be caused by differences in population; study sample; and/or items. Despite these differences, there are however some similarities in the multimorbid patterns. The multimorbid patterns: "Metabolic and cardiovascular disorders"; "Cardiovascular disorders"; "Minimal chronic conditions"; "Neuropsychiatric and functional disorders"; and for women "Complex multimorbidity" were also found in other studies.[@CIT0019],[@CIT0021],[@CIT0042],[@CIT0044]--[@CIT0046] We found six patterns that showed only minimal differences between sexes, and two patterns showed substantial differences in disease patterns and was therefore labelled differently for women and men. The "Complex multimorbidity" pattern was only found for women. This finding may be caused by the fact that women visit the doctor more often than men[@CIT0048] and henceforth are diagnosed with more chronic conditions than men, but also by an association between age and number of chronic conditions as women generally live longer than men.[@CIT0049] We found a pattern of "Dementia and Parkinson's Disease" for men. The prevalence of Parkinson's Disease is slightly larger for men than for women[@CIT0050] although in this study the prevalence was similar for women and men. For women, the patients with Parkinson's Disease did not fall into one main pattern but were distributed across patterns. The pattern with the highest conditional probability of Parkinson's Disease did for women also coincide with dementia ("Degenerative and mental disorders").

We found that the pattern with the highest number of chronic conditions as well as the highest number of expected chronic conditions (the "Neuropsychiatric and functional disorders" pattern) only showed a high healthcare utilization in relation to a high number of acute admission, which might be caused by patients from this pattern not being part of one of the disease management programs with many control visits, such as the COPD or the Diabetes program.[@CIT0051],[@CIT0052] This finding confirms that the need for a deeper understanding of multimorbidity than just looking at the count of chronic diseases when investigating the effect of multimorbidity on different outcomes. Among the remaining patterns, we did, however, see a tendency towards a higher healthcare utilization as the number of chronic conditions rose. We found a relatively low healthcare utilization among the patterns "Cardiovascular disorders" and "Neurological and vascular disorders" for both women and men. These two patterns share pathophysiology but are also, together with the "Minimal chronic conditions" pattern, the multimorbid patterns with the lowest expected number of chronic conditions. Also, we found a relatively high healthcare utilization and a high expected number of chronic conditions among the patterns "Complex multimorbidity" for women and "Metabolic and cardiovascular disorders" and "Degenerative and pulmonary disorders" for men. This finding is in line with other findings of an association between an increasing number of chronic conditions and a high healthcare utilization.[@CIT0017],[@CIT0053]--[@CIT0057]

The "Degenerative and mental disorders" pattern for women and the "Mental disorders" pattern for men, both containing the highest conditional probabilities of mental disorders due to alcohol and depression, showed a high healthcare utilization in the secondary sector with many acute hospitalizations compared to the "Minimal chronic conditions" pattern. Together with the high readmission rate as well as the high mortality rate, especially for women, this study highlights the need for increasing the treatment of patients with alcohol-related problems.

Treatment at different primary care physicians and specialists, reflecting the burden of treatment has previously been associated with multimorbidity.[@CIT0053],[@CIT0055] Both women and men belonging to the patterns "Metabolic and cardiovascular disorders" and "Degenerative and pulmonary disorders" showed a relatively high healthcare complexity. In Denmark, the responsibility of the management and treatment of COPD and diabetes is currently being transferred from the specialists in the hospital to the GP´s in the primary sector to treat the patients more closely to their home, but also to reduce the treatment burden for the patients. However, studies of the GPs´ experience with treating patients with multimorbidity, show that the GPs´ experience many barriers.[@CIT0003],[@CIT0058],[@CIT0059] These include structural barriers of short time consultations, which makes it difficult to treat the whole patient and not just one problem.[@CIT0003],[@CIT0059] This can be easily dealt with by agreeing on longer consultations and payment hereof. But there are also barriers related to the medical treatment.[@CIT0003],[@CIT0058],[@CIT0059] In Denmark, GPs manage over 80% of all prescribed drugs,[@CIT0060] however many physicians have difficulties with deprescribing drugs not prescribed by themselves and hence, contribute to an accumulation of prescribed drugs and a complex medical regime for the patient.[@CIT0061] In this study, the number of redeemed prescriptions ranged from 4 ("Minimal chronic conditions" and "Neurological and vascular disorders") to 17 ("Complex multimorbidity") for women and from 3 ("Neurological and vascular disorders") to 15 ("Degenerative and pulmonary disorders") for men. To gain a successful reorganization of the healthcare system, i.e. relocating tasks from the specialists in the hospital to GP, re-prioritization of resources, education, and a closer collaboration between municipalities, GPs and the hospital service are required.[@CIT0009],[@CIT0062]

In the time after the acute admission, the patterns "Complex multimorbidity"; "Neuropsychiatric and functional disorders"; and "Degenerative and mental disorders" for women showed the highest mortality as well as high cumulative incidence of being readmitted compared to the "Minimal chronic conditions" pattern. For men, the patterns "Metabolic and cardiovascular disorders"; "Degenerative and pulmonary disorders"; and "Neuropsychiatric and functional disorders" showed the highest mortality as well as high risk of being readmitted compared to the "Minimal chronic conditions" pattern. What these multimorbid patterns have in common is a high expected number of chronic conditions, polypharmacy, as well as a high number of acute admissions leading up to the index admission. In addition, both the number of chronic conditions and acute admissions predict mortality among older people.[@CIT0011],[@CIT0063],[@CIT0064] Furthermore, Klausen et al (2017) have shown that among acutely hospitalized older medical patients the number of admission laboratory results outside the reference interval, representing different organ systems, was strongly associated with mortality.[@CIT0065]

Strengths and Limitations {#S0004-S2001}
-------------------------

The main strengths of this study include the large national unselected population, no risk of recall bias because of the use of detailed and complete register data, and the large spectrum of chronic conditions included. Furthermore, we included data that have been collected prospectively and objectively which increases the validity of the disease classification. There are several limitations in this study. Firstly, it can be difficult to directly compare our findings with the previous studies, as the results are influenced by a number of factors, including the number and type of chronic conditions included, the demographic and underlying risk factors of the population and the way in which data has been obtained. Despite this complexity, however, we have allowed ourselves to compare these results with results found in other western countries. Secondly, we have not included data on the time of diagnosis. Further studies with time included in the analysis could provide more knowledge for use in determining prevention strategies. Thirdly, diagnosis codes from the primary sector would have increased the validity of the disease classification, but in Denmark, no register of ICD-10 codes in the primary sector exists. However, by including chronic conditions based on drug prescribing information we include patients with chronic conditions only seen in the primary sector, which lower the risk of misclassification. In addition, some ICD-10 codes are not systematically used such as ICD-10 codes for obesity, which can lead to an underestimation and affect the conditional prevalence. However, we do believe that the high conditional prevalence for obesity in the "metabolic and cardiovascular" pattern would be consistent. We used 10 years of history for all the chronic conditions, though it is possible that some chronic conditions diagnosed 10 years ago and not replicated since is not of importance any longer and can lead to risk of misclassification. Fourthly, despite the large sample size and the high number of items in the latent class model, there is still some degree of uncertainty associated with latent class classification as inclusion of other diseases could have led to other classes. However, as ICD-10 codes are grouped across related ICD-10 codes, we are convinced that this issue is of minor importance. Also, by dividing the data into three data sets and performing the LCA separately on all three, we ensured that the results are reproducible. Furthermore, the labeling of the patterns was based on which conditions exhibited excess prevalence. Different ways of labeling could have been used, e.g. based on combinations of chronic conditions within each pattern, which might have resulted in other labels. Therefore, the labels of the patterns should be interpreted with caution. We determined to label the first pattern "minimal chronic conditions" despite the slightly higher conditional probability of cancer, because 1) the majority of patients with no or only one chronic condition belonged to this pattern; 2) the conditional probability of cancer was similar to the conditional probability of cancer in other patterns; and 3) there is a risk of misclassification of cancer as a patient could have been treated for that cancer, and therefore not have a chronic condition at the index admission.

Conclusion {#S0005}
==========

This study identified eight distinct patterns of multimorbidity among both women and men using LCA in a nationally representative sample of acutely hospitalized older medical patients. The multimorbid patterns have the potential to be used in further epidemiological studies on healthcare utilization and complexity as well as treatment and prevention strategies but should be confirmed in other population-based studies. The eight multimorbid patterns differed in their healthcare utilization and complexity. Besides the fact that multimorbid patterns with high numbers of chronic conditions showed a high mortality and readmission risk in the time after an acute hospitalization, we found that the pattern with the highest number of chronic conditions was not the pattern with the highest healthcare utilization or complexity, which highlights the need for not just investigating multimorbidity by simply counting the number of chronic conditions. High levels of healthcare utilization and/or complexity were found among the multimorbid patterns characterized by high probabilities of the major chronic diseases as chronic obstructive pulmonary disease and/or diabetes, both belonging to clinical guidelines with many control visits.

This study was performed in collaboration with the Optimized Senior Patient Program at Copenhagen University Hospital in Hvidovre.
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[^1]: **Note:** ^a^Missing n=11,933.

[^2]: **Abbreviation:** IQR, Inter quartile range.

[^3]: **Note:** Lowest BIC-values are highlighted in bold.

[^4]: **Abbreviation:** BIC, Bayesian information criterion.

[^5]: **Abbreviations:** COPD, chronic obstructive pulmonary disorder; SE, standard error.

[^6]: **Abbreviations:** COPD, chronic obstructive pulmonary disorder; SE, standard error.
